مقدمة لنمذجة المعلومات البناء في العمارة والبناء BIM‏ 


INTRODUCTION ТО BIM FOR ARCHITECTURE AND CONSTRUCTION 


How BIM enables more sustainable construction and 
more energy-efficient buildings 


(PhD Course 2023-2024) 
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[ am Omar Selim 

Founder of BlMarabia 

‘BIM Manager 

«CAD / 3D Visualization 

Specialist / CAD Manager / BIM Instructor / Technical 
Support Manager 

«Member of IBPSA (International Building Performance 
Simulation Association), Engineers For a Sustainable Egypt 
«Research assistant at Qatar University 

This experience includes architectural drawings, 
architectural planning and detailing. Expert user in Revit, 
NAVISWORKS, AutoCAD and QTO. 

* | have been working in many projects using BIM technique 
starting from the Conceptual Design up to Construction 
documents, this projects include a lot of types, such as Hotels, 
mixed use building, Hospitals , Mosques, Villas 


| am here because | love to share Knowledge. 
You can find me at @BIMarabia 


Sustainability 


٠ - Development “meeting the 
needs of the present generation 
without compromising the ability 
of future generations to meet 
their needs.” — Brundtland 
Report 
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Why sustainability? 


We need to build sustainably to: 
1. Preserve our environment 
2. Reduce the buildings’ costs 
3. Increase efficiency & durability 
4. Provide healthy environments for people 


HOMES AND BUILDINGS IN INDUSTRIALIZED COUNTRIES REPRESENT* 
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“Building Design and Construction: Forging Resource Efficiency and Sustainable 
Development’, United Nations Environment Program-Sustainable Buildings and Climate 


Initiatives (UNEP-SBCI) 


الفوائد البيئيّة على المستوى العالمي: 


- قطاع البناء المساهم الأكبر في انبعاثات غازات الاحتباس الحراري مقارنة بالمصادر الأخرى؛ وبالتالي فهو المساهم الأكبر في 
لتقليل من هذه الانبعاثات. 


Т ae اندرا‎ Е 8 e 
مقارنة بعصر النهضة الصناعيّة.‎ 


الفوائد АЫ‏ على مستوى البناء مقارنة بالأبنية АЛЕ‏ 
0 أظهرت الأبنية الحاصلة على شهادة النجمة الخضراء Green Star‏ في استراليا ы‏ انبعاثات الاحتباس الحراري الناتجة عن هذه 
الأبنية أقل من تها ill‏ بمقدار 2 % استهلاكها لمياه الشرب أقل ب 1 905. 


e‏ توّفر الأبنية الخضراء المعتمدة من قبل مجلس البناء الأخضر the Indian Green Building Council (IGBC) gie‏ ما 
مقداره 9650-40 من Ahl‏ 5 %30-20 من المياه المستهلكة. 


o‏ تخفض الأبنية الخضراء الحاصلة على شهادة النجمة الخضراء Green Star‏ في جنوب أفريقيا LCS‏ من استهلاك الطاقة وانبعاثات 
غاز 002 بمقدار 9640-30 5 9630-20 بالنسبة لمياه الشرب» وذلك بمعدلٍ سنوي. 


° كما تستهلك الأبنية الحاصلة على شهادة LEED‏ في US‏ من الولايات المتحدة وبلدان أخرى طاقة أقل ب 9625« ومياه شرب أقل من 
%11 مقارنة بالأبنية Ta‏ 


How сап a Buildings be 
sustainable ? 


Sustainable Buildings are designed and 
constructed to perform effectively while: 

1) Minimizing energy requirements 

2) Reducing water consumption 

3) Reducing carbon footprint 

4) Using materials that have low environmental 
impact 

5) Reducing wastage 

6) Conserving the natural environment 

7) Safeguarding human health and wellbeing 


Sustainability of a building is influenced by: 
— Building performance 

— Environmental, economical & social impacts 
BIM advantages include: 

— Ability to analyze 

— Ability to evaluate green buildings 

— Access to information to make sustainable 
decisions 


Sustainable Construction and Buildings 


e 
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Buildings use 46% of all energy - up to 70% in major cities 
Construction uses 5396 of primary materials 
Construction has second biggest environmental footprint after food 
13 million tonnes of materials delivered and not used 
90 million tonnes of waste — 3 times domestic output 
2196 of all hazardous waste in UK is construction waste 
9296 of clients said that designers' drawings are typically not sufficient for construction 


3796 of materials used in construction become waste 
1096 of the cost of a project is typically due to change orders 
3896 of carbon emissions are from buildings not cars 


Why accept this ?........ 


CMAA Owners survey 2005, CMAA Industry Report 2007, Economist Magazine 2002 
Buildings contribute 4096 of global carbon emissions. 


The UK government's Construction 2025 strategy targets a 3396 reduction in the whole-life cost of built assets and a 
5096 reduction in greenhouse gas emissions by 2025. 


This is a stepping stone on the way to the target of cutting emissions by 8096 by 2050 (compared with 1990 levels). 


Green buildings 


Buildings or homes that are more energy efficient, produce less waste and are 
healthier to be inside 

Buildings around the globe consume about 48% of the total electricity produced. 
‘Need of Green Buildings to decrease the demand. 


*Typical Problems in Construction Industry Energy Consumption by Buildings 


SUSTAINABILITY 


Benefits of 


Environmental 
benefits: 


—Enhance and protect 
ecosystems 


—Improve air and water quality 


—Reduce solid waste 


—Conserve natural resources 


Building 


Environmental 
\ Stewardship 


Economic benefits: 
—Reduce operating costs 
—Enhance asset value and profits 


—Improve employee productivity 
and satisfaction 


—Optimize life-cycle economic 
performance 


«Health and community 
benefits: 


-Improve air, thermal, and 
acoustic environments 


-Enhance occupant comfort 
and health 


—Minimize strain on local 
infrastructure 


—Contribute to overall quality 
of life 


Sustainable Design 


Energy 


Lighting and equipment 


Heating, cooling, and ventilation 


Occupant processes 


Water. supply for occupants 


Non-potable supply for processes 


Storm water runoff 


Materials 
Site work 


Structure, envelope, and finishes 


Furnishings and equipment 


ыы 


Minimize operating energy 
Utilize renewable energy 


Select and design site 


Reduce water use 
Reclaim gray water 


Manage Hydraulics and 
Hydrology (H&H) 


Implement low impact 
development 


Seek renewable sources 


Minimize embodied measures 
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sustainability Innovation & 
credit categories Design 


Location & 
Linkages 


Awareness & 
Education 


Indoor 


Sustainable 
Environmental Sites 
Quality 
Materials & Water 
Resources Efficiency 


Energy & 
Atmosphere 
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What is BIM? 
Blain Bf ORAS MANAGER 


Better MfOEmatioBEFEoEMaFêğement. 


BIM definition 


About 1,550,000 results (0.50 seconds) 


Why BIM „Benefits of BIM,, 


What is the added value that BIM dân 


provide to sustainability ? 


Decision making 

Rating compliance 

Building Performance 

3d visual information 
Numerical information 

Data linking transfer 

REM : Rapid Energy Modelling 
Analysis 

Cloud computing 


Water use retluction 
Outdoor ат Rene 
MONITORS 


Increased Ventilation 
Thermal comport 
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BIM Dimensions 
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Project Brief 
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| ЖЕ AD Spatial Model 
O) Time Schedule 
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Appearance ... 44 
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Д Excavate Cap 

[Г | Install Rebar 

[3] Metal Decking 

ШІ Pour concrete 

ll Steel detailing 

WÎ Waterproof 


Collaboration 
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Main Sub 
Contractor Contractor 


П 
Е 


RIBA Plan of 
works: COBie 
drops 


Appraisal 

Design brief 

Concept 

Design development 
Technical design 
Production information 
Tender documentation 
Tender action 
Mobilisation 
Construction 

Post completion 


RIBA Plan of Works ro. 1 
Cobie drop Es m 


20 
3D Design %- | eg m 


ЕЗ 
COBie 


Owner 


Design phase 


1.Coordination & Collaboration 
2 Visualization 
3.Performance Analysis & Evaluation 


Performance Analysis & Evaluation 
‘Merge of Design & Analysis = 
optimize building performance 
*Better quality of data = minimum 
errors and miscalculations 


1.Coordination & Collaboration 


How? 


Integrate Sustainable aspects with 
BIM processes. 

(All team members on board from the 
beginning.) 

Access to information 

One central model = Clash detection ( 
No Ad hoc solutions on site) 

Team member makes a change, all 
other disciplines are aware and can 
adjust their parts accordingly 


Visualization 
e Design options 
e Better engineering decisions 
e Clear picture for the owner 
e Design changes without 
delay of time or increase of 
cost 


Design process that includes: 


* Collaboration of disciplines 
* Digital model 
* Analysis & comparisons 
٠ Information & properties of all building components 
Know hows: 
1) How to better put a building together? 
2) How building should perform? 
3) How it might be taken apart? 


Construction Phase 


1. Continuous analysis for environmental effects 
2. Thorough design details 
3. Material take-offs 


Construction Phase 
Continuous Analysis 


eConstruction effects on the surroundings and гізін ак 0 = 


^ 


environment measuring: NE 


e Energy use 

° Noise pollution 

e Any environmental effect 
Propose methods to lower results 


Construction Phase 
Design details 


e Drawing in 3D allows sections and details to be made 
ready for construction 

e By minimizing construction defects, the ongoing 
operational costs are reduced & end up with a faster, 
safer construction 


Construction Phase 
Detailed material take-offs 


e Offsite fabrication eliminates 

e over ordering 

e reduces waste 

e allows off cut materials to be reused or recycled 


e Components will fit together on site and they have been fabricated 
using a co-ordinated model 


e Fewer deliveries to and less waste removal from site reducing 


Operation Phase 


1. Monitoring & recording building performance 
2. Updated alterations & changes to the building 
3. Seasonal commission and maintenance 

4. Access to sustainable information 


Life cycle cost 


Capital 
Replacement 
Maintenance 


и ° an gg апаш 


Operation 


Monitoring & recording building 
performance 


Monitoring & recording building performance in 
terms of: 


e Water / wastewater 

e Energy 

e Carbon Emission 

e Comparison of actual X intended 


e Better decisions for improvements after the 
results 


e Reduce resource & waste consumption 
(recycling) 


This mockup shows what the Clockworks 
energy report for MIT looks like online. 
The numbers shown are for illustration 


purposes only. Image: KGS Buildings 
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2) Updated alterations & changes 
to the building 


e Additions/ adjustments made to building can 
be easily tracked and recorded. 


e Traditionally, any alterations or changes would 
repeatedly need surveys and on site 
investigations which cost time and money. 


3) Seasonal commission & 


maintenance 
e Plan maintenance activities that can be 
synchronized minimizing cost and disruption of 


occupants 


4) Access to information 


e Engage occupants and management with 
access to sustainability information and 
dashboards in their buildings 


Visualization | Autodesk’ Energy 
Structural analysis Analysis for Revit’ 
Cost 2 


Documentation ` А * 
fabrication / Construction | Å 
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Massing studies with Levels for area analysis and Solar Analysis 
for quick solar impact studies 
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More stylistic rendering that you can achieve with Monotone 
surfaces, ambient and traditional shadows, extended edges, 


and lower contrast lines 


Traditional realistic materials and entourage which creates a 
compelling presentation image for conceptual design phase 
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Building Cost 


Design Build Operate Dispose 


Run/Maintain 
40% 


Periodic Replacement/ 
Refurbishment 
10% 


= 
— 
2 
o 
z 
O 
а 
о 
D 
© 
o 
as 
© 
© 
— 


25 Vears 1 Year 


Ref. Tumer and Townsend, Construction and Management Consultants 
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Why BIM „Benefits of BIM,, 


The color of BIM is green. 


Sustainability can be defined as the ability to meet the needs 
of the present without compromising the ability of future 
generations to meet their own needs. 


“Sustainability begins with really understanding how you will 
use a building. 


BIM lets you model the space and run analytics so you can 
make sure the building will efficiently support the people who 
use it.” 


$ 


- 


Criteria for evaluation 


With Revit 
With Archicad 


Sub-criteria 


With SketchUp 
DXF Import 
gbXML import 


Comprehensive score 
Tc 
22. Interoperability Usability 
(x = number of sub-criteria М 
с1 = х/5 c2=x/8 
supported by BEM tool) 


Simple user interface 

Provides extensive weather/ 
climate file 

Default libraries 

Requires minimal expertise 
Help file 

User tutorials/ online support 
Potential for customization 
Provides feedback for potential 
design changes to improve energy 
efficiency 


Available inputs 
c3=x/25 


Floor plan 

Openings 

Material Properties 
Number of floors 
OpenGL model 
Location 

gbXML model 
Building geometry 
Envelope construction 
HVAC type 

HVAC sizing 

MEP model 

Plant data 

Occupancy 

Lighting system 
Interior objects 
Weather data 
Orientation 

Number of rooms 
Room connections 
Relation to ext. exposure 
Building type/ function 
Setting (local terrain) 


Required indoor temperature 


Type of energy used 


Available outputs 
c4 - x/20 


Energy usage 

Carbon emissions 
Resource management 
Thermal analysis 
Heating/cooling load 
HVAC 

Natural ventilation 
Solar analysis 
Daylighting 
Right-to-light 

Shading design 
Lighting design 
Lifecycle assessment 
Lifecycle cost 

Water usage 

PV collection potential 
Wind energy potential 
Whole building energy 
analysis 

LEED integration tools 
Energy Star integration 
tools 


Building Performance Simulation — Basics 


Building 
Orientation 


Reduced 
Glazing Area 


Shading 


Energy 
Efficiency 


Mechanical Lighting Plug Loads Temperature 


> Heat Island 


Reduction 


Landscaping 


Natural 
Resources 


Building Performance Simulation — Advanced 


Energy 
Efficiency 


Weather Data 


Design Conditions 

— ASHRAE Handbook of Fundamentals 
e Weather Statistics & Observations 

— National Climatic Data Center (U.S.) 
— Mesowest (Southwest U.S.) 

— Weather Bank (International) 

е Annual Weather Data 

— DOE-2 Website (TMY, WYEC, etc) 

— EnergyPlus Website (EPW, CSV) 

e International Weather Data 


— EnergyPlus Weather Source Data 


Weather Data 


A weather data layer for Google Earth on the US EERE weather file site shows EnergyPlus weather file locations. 
This allows a designer to compare nearby weather files for the best site match, accounting for any change in 
elevation, proximity to mountains or water bodies, as shown in Case Study 5.3. Google Earth images use data 
from SIO, NOAA, the U.S. Navy, NGA, GEBCO, Cnes Spot Image, Terrametrics, and IBCAO 


«ооё earth 


BASIC ENERGY STUDIES AT CONCEPTUAL 
DESIGN STAGE INCLUDE: 


facilities management 
return oninvestment 


site conditions 
lettable floor area 
costper square metre 


climate 


building orientation 


horizontal/vertical access 


building shape/form 
building foundation 
structural frame 
construction sequencing structural floor 
acoustic absorption : floor to floor height 
[reflection In fo m ati on 0 
i B ; 4 
interior finishes ‹ window / exterior 
modelling E wall ratio 
Dem vol uma to distance core to facade 
surface area - internal : 
Analysis and 4 
minimum period of х : choice of structural 
fire resistance simu lat ion material (steel/concrete/..) 
zoning for fire ratio of in situ / 
prefab construction 
people movement ratio volume to fagadarea 
(urban scale) 
people movement (internal) 
positioning of risers / plant rooms 

services infrastructure 


skin heat flow 
service zone requirements 
..... Total Average 


heat gain (or loss) 


choice of shading system 


material usage (cladding type) 
Offset suspended ceiling daylight distribution 
green star rating 
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BASIC ENERGY STUDIES AT CONCEPTUAL 
DESIGN STAGE INCLUDE: 
e Sun and shadow 

Wind / natural ventilation 

e Solar loads / radiation 

e _ Building envelope performance 

e Heating & Cooling loads 

e Daylight availability 

e Whole building energy use & costs 


e Water use & costs (indoor, outdoor ) 


e Carbon emissions 


Temp gain comparisons Gains breakdown, 


e Lighting analysis М ЖХ 
1 
ө CFD analysis А | 0 { 
e Fire analysis 5 г - 
e Solar / Shading analysis =H | 
ө Energy code compliance © Otte سر‎ a) — an حت‎ "У 
а а 
e Thermal comfort 


аа 


e Heating and cooling load analysis 
e LCA Life Cycle Assessment 


e Renewable energy 


Power (kW) 
и 
e 5 


8 8 


e HVAC equipment sizing Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec han 


Total net gas (office - I aps) ‘Total energy (office - 1 aps) 
Total electricity (office ~1 aps) 42 


Sustainable Design Simulations Run on 
Information Models and Databases 


XML and IFCs have emerged as sustainable 
design information modeling standards. 


DOMAIN 
LAYER 


INTEROPERABILITY 
LAYER 


CORE 
LAYER 


RESOURCE 
LAYER 


Figure 13: IfcRoot as the common supertype 
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Sustainability: Graphical 
Models 


http://creativecommons.org/licenses/by/2.0/ 
http://creativecommons.org/licenses/by/2.0/ 
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Information Models Enable 
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Educational Campus Building 
Energy Use Simulation 


Sustainable Design Simulations 


一 | V «жай? 


Educational Campus Building 
Daylighting Simulation 


i Concentration of suspended 
matter without plants (та) 


Lake Ecology Simulation 


What are the main sustainability 
challenges that society faces today? 


= Mitigating Global Warming and Associated Climate Change While Meeting the 
Increasing Needs for Energy 


Reversing the Loss of Biodiversity 
= Maintaining and Improving Access to Fresh Water 


= Maintaining and Improving Access to Healthy and Affordable Food through 
Sustainable Agriculture 
= Maintaining and Expanding Critical Infrastructure that Mitigates 


Environmental Impacts on Human Health and Improves the Quality of Human 
Life 


BIM is a Catalyst for Efficient апа кисе. 
Sustainable Design 


= The most advanced design 
technology available. 


= Makes information available 
for analysis earlier in design 
process. 

= Supports an improved 
collaborative process. 

= Reduces the effort of вши 
increasingly complex building 
design. 


ARCHITECTS 


= Facilitates a holistic design 
approach. 


= Enables accurate simulations 
of building design 


performance. MEP SYSTEMS STRUCTURAL 


ENGINEERS ENGINEERS 
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BIM Is a Catalyst for Collaborative Sustainable Design 


OPERATIONS 
RESEARCH & 
MANAGEMENT EARTH 
A SCIENTISTS 
& MEDICAL ENGINEERS 
SCIENCTISTS — 
BUILDEF | ARCHITECT 
MODELING e 
~ T ACOUSTICAL & 
LIGHTING 
en ENGINEERS 


PSYCHOLOGISTS & 


COGNITIVE 
STRUCTURAL SCIENCTISTS 


ENGINEERS 


BUILDING & 
MATERIAL 
SCIENTISTS 
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BPS discipline is multi-disciplinary 


Architectural 
Design and 
Engineering 


Electro- 
Mechanical Social science 
Engineering (User behavior) 
(HVAC, Energy) 


: Applied 
Building Mathematics and 
Building Physics Performance Computationa 
and Engineering Simulation Sciences 
(Numerical 
methods, IT) 
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BPS simulates complex coupled systems 


Operating strategies 
and schedules 


fe 


2 
- 
. * 
Weather 
conditions HVAC systems 
Simulation engine 


Internal loads 


Simulation specific 


Keynotes and families 


Project orientation 


Green building rating 
system 


Suppliers information 


Energy analysis report 


Embodied energy 
results 


BIM as Collaborative Foundation 


Intelligent building model 

IFC (INDUSTRY FOUNDATION CLAS 
exchange of 3D model's information 
simulations 


S)- Seamless sharing and 
for generating building 


Strategic partnership and cooperation with analysis software 


vendors 


Structural E 
HVAC m 


Electrical EJ 
Piped о 
Services/Fire = 
Elevators E 
Estimating #8 
Energy 
Analysis 


m Е вім 


• Structural Engineering 
* Collision Detection 
* Code Checking 


Building Performance and energy simulations 
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What is a model? 


A model is a representation of something else. 
A model is useful if it is able to: 

Explain past observations. 

Predict future observations. 

Help control future events. 


Deliver value at a relatively low cost especially in combination with 
other models. 


Be easily proven to be false or inaccurate 
Present simplicity or even aesthetic appeal. 


Who is the typical building simulationclient? 


rating systems 


ARCHITECTURAL 
- Designers - Egyptian Green Building 
- Architects - BREEAM 
- Master planners - LEED 
- Urban designers - DGNB 
- Interior Designers - Estidama 
- Gsas 
ENGINEERS | 
- HVAC -Other"green" ratingsystems 
- Mechanical 
- Electrical 


- Building Physics 
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Rating systems, that аге used to evaluate апа 


Adoption of 
“sustainable 
building rating 
systems offer a 
roadmap that lead 
to sustainability 
goals and help align 
requirements” 


benchmark sustainability, are constantly evolving 


LEED Credit Categories 


Sustainable 
Sites 
Water 
Efficiency 
Innovation 
in Operations 
%%% 


& Regional 
Priority 
5 
76 ac А Energy & 
Atmosphere 
Indoor 
Quality 
Materials & 
Resources 
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Results from BIM software analysis. 


A. Physical model, 

B. Model transposition to the software, 

C. Sunlight analysis on surfaces determine the amount of passive energy, 

D. Sound/noise analysis, 

E. Analysis of the year shadow range, 

F. Wind analysis, 

G. Shadow analysis taking into account the annual passive energy distribution, 
H. Colorful of the shadow range. 


SHADOWS AND TOTAL AMOUNT OF SUN 10187 ON SURFACES 


Results from BIM software analysis. 

A. Shading analysis of surface sun exposure which attempts to re-design object structures; 
B. Thermal analysis-passive gains; 

C. Shadow range and sun exposure; 

D. Internal solar access (Daylight saving). 
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BPS is multi-objectives 


Energy 


Performance 


Building envelope 
and its system 


Interaction with 
large-scale 
energy grids 


Embodied energy 
in materials 


Performance 
standard: passive 
house, nZEB 


Indoor 
Environmental 
Quality 


Thermal comfort 
(e.g. temperature, 
air velocity) 


Air quality 


(e.g. CO, 
concentration) 


Visual comfort 


Acoustic levels 


Sustainability 
(wider scope) 


Primary energy 


СО, emissions 
released 


Life cycle 
assessment of 
building materials 


Water treatment 
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* Carbon footprinting with BIM helps us test conceptual designs so we can specify solutions with the lowest 
carbon impact. This allows us to identify low carbon options that have the potential to drive down carbon 
emissions during the design and construction phases, as well as options that lead to carbon savings during 
a building’s operation. 


Image: rapiere.net Declaration: Architype are one of the founding partners of Rapiere 
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Carbon Footprint Varies - Regional 
Electricity Fuel Mix 


S. California Fuel Mix (CO2: 805 Ibs./MWh) 


Ohio Fuel Mix (CO2: 1844 Ibs./MWh) 
Arizona Fuel Mix (CO2: 1175 Ibs. /MWh) 


Nevada Fuel Mix (CO2: 1552 Ibs/MWh) 


O % Renewable 
В % Nuclear 
В 96 Fossil 


[196 Renewable 
% Nuclear 


[1% Renewable E % Fossil 


Р В % Nuclear 
Е E 96 Fossil 


L196 Renewable 
В % Nuclear 
E196 Fossil 


Current 5096 
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A Carbon Neutral Building — Simple 


Example 
Requires a Very Efficient Building S. California Fuel Mix (CO2: 805 Ibs./MWh) 


40% non-carbon 


60% reduction 


М electricity fd 
Biofuel Diesel 


Generator or Boiler Grid Electricity 


Onsite 
Renewable 
Generation 
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Financial Overview 


Project Management Overview 


NUMBES í Ov Des OPEN SUBMIT TAGS OY TYPE 
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Water 


* BIM helps to quantify the amount of water used in a building by calculating the 
number of fixtures (sinks, toilets, etc.) and their related water usage. This also helps us 
measure the potential for greywater reuse, which is highly beneficial for reducing 
demand on local water supplies. The amount of water available for harvesting can be 
calculated using BIM, based on the site, harvesting system, and the size of building. 


What are the main sustainability challenges that society faces today? 
Maintaining and Expanding Access to Fresh Water 


Miramar ^ ГА айаш Schedule ESIP Ph ll 9/2002 — 2/2005, $17.3M 


Contract А 8/2003 — 12/2007, $81.3M 
Contract B 11/2007 — 12/2009, $50.4M 


Contract D 6/2010 - 7/2011, SAM 


Aerial map of Miramar Water Treatment Plant Project with contract phase overlays, by L. Robin, 
2009, courtesy The City of San Diego, California 
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Meeting Room Lighting 


0.00 


322 597 


10.62 14. 10 f 


Lighting Design Example 


Fixturetype Quantity Power (W) 


3x14 W 


6 288 


> Installed LPD = 9.5 W/m? 


8 7% 
s 43.75 fe 
[E -) 37.50 к 
— 31.25 fe 
ШШШ) >» к 
— k 
— с> . 
ШШШ: >= « 


Average 
Illumination (lux) 


375 
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Open Office Space Lighting 


2571 3208 


420 n 


ооо 
4240 5021 $900" 


Fixturetype 


3x28W 


Quantity Power(W) 


20 1880 


> Installed LPD = 7.0 W/m? 


8 
8 


ши 


e 
8 


Average 


Lighting Design Example 


Illumination (lux) 


350 
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Thermal Zoning 


PP 一 全 T‏ ے 


— 4 — 
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Thermal Zoning 


Criteria For Zoning An Energy Model Usage 

e All rooms should have similar internal loads and usage schedules Temperature Control 
е All rooms should have the same Tstat schedules Solar Gains 

е Perimeter zones with windows: Min. one zone for each compass direction 

e Unglazed exterior zones can be combined 

e Consider shading! 

Perimeter or Interior Location 

e 12-15’ perimeter zones often require winter heating 

e Core spaces can require year round cooling Distribution System Type 

eCombine rooms served by the same type of distribution system (i.e. 


fan coil units) 


Methodology of the integration system 


Create an external database 
to store sustainable certified 
building components 


Import the designed BIM 
model into LCA tool and 
calculate the 
environmental impacts of 
each component 


Evaluate and analyse the 
sustainability of the model 
and its associated costs 


Link the external database 
with BIM tool and design 3D 
BIM model for a proposed 
houses 


Import the information of the 
created design specifications 
into energy analysis tool 


Evaluate the universal 
design criteria 


Design new plug-in into 
BIM tool; customize the 
existing ones 


Export quantity take-offs 
from BIM model based on 


gbXML file format via the 
developed plug-ins 


Select the best house 
building components based 
on the owner requirements 

and standards specifications 
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BIM to BPA platform and solutions... 


Building Information Modeling Building Performance Analysis 


Green 
Building 
Studio & 

Project Solon 


Revit 
(building elements) 


<— Energy —* 
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Vasari © A360 
(conceptual masses) В — Lighting — Rendering & 
о. Lighting Analysis 
Ф 0 
о for Revit 
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Formit ; 
— Climate, ج‎ Climate Server 


iOS, Android, Web Solar & Airflow 


‘Ecotect’ features 


Summary of Energy Analysis information & workflow... 


Settings =——7 Simulation 


Energy Use: Electricity 


Potential — oe 


Parking Garage 
Penitentiary 
Performing Arts Theater 


ng 
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Energy Use: Fuel 


Daylight Cortrois Oc 
Wall Insulate 

Rodt insulation 
Infit rat ion 

Skype Guns 
Building Onent ations 


Се / er 5.96 C 
pe Fan Coil System Chi ller 596 C СОР, — 845 eff 
Central МАМ, Electnc Resistance Heat Chiller 596 COP 


Potential Energy Savings 


| 


Feedback 


— Use 
& Cost 


Materials 
Data Systems & 
Operations Data 
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* Energy Analytical Model (EAM) 


Export (bow à “Б 
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Revit Energy Analysis Features & Workflows... 


Conceptual Massing elements 


Autodesk 


What is 
Energy Analytical Model Sign їп win your Autodesk ID | - 
bXML e rt — ha Auln 
т леді Весь Era ذا‎ 
00 
GBS 


Building Energy 


elements 


Energy 


Model Analysis 


“Software doesn't design sustainable buildings, people do.” - 
Elrond Burrell | 


> win L F| 


“| 
i 
| 
: 


HV'LLVIN 
Jaddoysseiry 
ошюпА(Т 
5151110 
451201119 
201101-51 
ISÄSAd 

IPS Ad 

OATAN 

148150] 
шәАшоәя 
INVLNOD 
DIVSVA 

od uns 
201117101 
1111601 
120111111215201 
oipmguado 
]s»n()o 
A. A^ SUI 
opus Supping uap 
1221029 

sn] qAsiouq 

19920 5 
XBINSPe 

золээочи 

91192125 

(v onpry 

ау оттү 

DN 


- 


ШЕ BIM Modelling 
' Analysis 
BE Software Development 


ШЕ Energy 


АКЕ 


SOFTW 


© © © > © © © © 
m © м =f en, еч 一 


SNOLLV OFTdild JO ON 


| Energy simulation programs 
List of approved LEED software 


approved by Canada Green Building 


e “DOE2 

e  eQUEST e Council (CaGBC): 

Visual DOE ed Quest 

e  EnergyPlus ° EE4 

e  EnergyPro e “DOE-2 

e НАР (Carrier НАР) e “EnergyPlus 

e “TRACE 700 (Trane TRACE) e JES Virtual Environment, 

e “BLAST (not mentioned within the LEED form, but e Hourly Analysis Program (HAP) 
| | e TRACE 700 
listed in 90.1 section G2) : 


EnergyPro v5.1. 
IS (Integrated environmental solutions, listed in 


LEED Advanced energy modeling . 


ENERGY CONSUMPTION — HVAC LOAD — THERMAL COMFORT 


eFUNCTION 

e OCCUPANCY 
eCONSTRUCTION 
eLIGHTING 
eSCHEDULE 

eHVAC SETPIONT 
eDEMOSTIC WATER 


e MECHANICAL VENTILATION • NATURAL 
VENTILATION eINFILTRATION (ACH) 


Autodesk Revit 2017 - STUDENT VERSION - 


waleeed_waleedyasin.rvt - 3D View: [3D ٠ waleedyasin] 


3D View: (3D - walee v Hi 
Graphics 

View Scale 
Scale Value 
Detail Level Medium 
Parts Visibülity Show Orig 
Visibility/Grep... ^ — Edit 
Graphic Displa.. 
Discinline Coordi 
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odesk Revit 2017 - STUDENT VERSION 


S 8. E 


2, 05 = / 
vom. ка OH Y YO | 


Ж | Advanced Energy Settings x 


Parameter Value ^ 


һ E = @ 33 
(RIZE 一 一 一 一 一 一 一 一 一 
Building Type 1 [Office 1 
Building Opersting Schedule E Desk 1 
HVAC System 1 Central УАУ, HW Heat, Chiller 5.96 COP, Boilers 84.5 eff ! «| 
Outdoor Air Information I f = — — 1 t 
— 1 


Export Category Rooms 

Conceptual Types — Edit... 
Schematic Types *Building» 

Detailed Elements لا‎ 


waleeed_maleedyasinnt - Floor Plar: Ground Floor 
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ы: ОА 8:9 


ERRA 


Ар 1: 300 
ternates, CTRL adds, SHIFT unselects. 


[ә] 
Lighting Analysis Gf 
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leve 1 

Site 

True North 
Celing Plans 

Ground Floor 

Level 1 


ж 30Wem 
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East 
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Fl Legends 
E Schedulez/Quantbe: 
„Lighting Analysis Floor Sched 
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Energy Modeling 


Using BIM in the design process helps us evaluate energy 
efficiency and make recommendations for design alternatives that 
will enhance a building’s performance. By combining BIM with 
specialized energy modeling software, every part of a building, 
from MEP (Mechanical, Electrical & Plumbing) systems to interior 
climate, can be simulated and optimized for energy efficiency. 


Figure 46: Sustainability analysis using mass models 


glazing percentages, 
shading materials 


Mass model Energy analysis 
model 


| Option 1 ep Option 2 


Size, shape, orientation, 


ШІ 
lu ton hi ul In il lu ah 


Results 
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Solar Studies Overview 


Next Step 


By showing the impact of natural light and shadows on your project, solar studies yield valuable 
information that can help support effective passive solar design. Use solar studies to visualize how 
shadows from terrain and surrounding buildings affect the site, and where natural light penetrates a 
building during specific times of the day and year 


Solar Studies Overview 


Sun path :- 


The sun path is a visual representation of the sun's range of movement across the sky at the geographic 
location you specify for a project. The sun path displays in the context of your project and includes on- 
screen controls for positioning the sun at any point within its range of movement, between sunrise and 


sunset, throughout the year. 


study area 


time control 
(end time) time control 
—— (start time) 
daily path 
sunset اک‎ ١ . 
"  _ \ sunrise 
Ww — Sa ~ 
+ ^ date control 
7” xy 
11 — е 22 
AM ZB. 


بو 


ee ч» -‏ سيت 


Solar Studies Workflow 


Use the following workflow to create solar studies, using both the sun path and Sun Settings dialog. 


R = Project Information | Specifying the Project Location 
Create a project 4 | 
Create Views for Solar Studies 


Turn on the sun path and 
= [з= |] 
Perform various Types of | single Day | 
gle Day 
Solar Studies Single Day 


| 3 | Multi-Day 


Previewing Solar Study Animations 


Saving Solar Study Images to Projects Exporting a Solar Study Report. 
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Solar Studies Workflow 


Use the following workflow to create solar studies, using both the sun path and Sun Settings dialog. 


Specifying the Project Location 


Project Information 
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Solar Studies Workflow 


Use the following workflow to create solar studies, using both the sun path and Sun Settings dialog. 


— 


Create 3D Views for Solar Studies 


E 


Sun Settings... 


Cx Sun Path Off 


* 
A AE 
^n сле У we ems m ЖЕ, і 5 
ly (а D Hy Object Styles "m Prowect Parameters e Transfer Project 
n Snaps m Project Units Я Purge Unused 
Modify} Maternal 
ГЕ Project Information 3 Shared Parameters 
Select * Settings 
9 
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Project Browser - rac batic sample project 


(=) Views (all) 

Floor Plans 
Level 1 
Level 2 
Site 

30 Views 
Approach 
From Yard 
Kitchen 
ung Room 
Secbon Perspective 
Solar Analysis 
(30) 


Solar Studies Workflow 


Save solar study images to projects for later reference. 


Project Browser - rac bas« sample project x | 


0 Views ‘all ^ 
Floor Plans 
Level 1 
Level 2 


Ste 


3D Views 
Approach 
From Yard 
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Section Perspextne 
Solar Алауыз 


” 


Elevator Open 
East Close 
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Sout Show Camera 
wer Show Section Box 
Sec bons 
Buik Apply Template Properties 
(сең Create View Template From View 
Starr 
D ate View , 
dec tions реле 
Тур 
Decal Vi \ 
Мам Save to Project as Image 
Type 
Р Delete 
Тур 
Тур 
Renoers Rename 
Ape Select All Instances 0 


Solar Studies Workflow 


Exporting the Solar Study Animations 
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Р Options " 
Sets export options for CAD and IFC. 


— a Close 


Options Exit Revit 
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Why BIM 
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Analysis of total annual hours of sun exposure per major 
facade orientation. Provide shading to control the peak 
time of solar gain. Shading will reduce energy use and 
improve occupant comfort. 


Red = Most , Blue = Least 


EAST ELEVATION 
Sun location: Horizontal 115 d / Vertical 40 d 


Shading approach: Both horizontal and vertical shading due 
to high sun angle. 


SOUTH ELEVATION 
Sun location: Horizontal 213 а / Vertical 29 d 


Shading approach: Horizontal shading with deep set 
windows. 


WEST ELEVATION 
Sun location: Horizontal 248 d / Vertical 22 d 


Shading approach: Screen to control low sun angle. 
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— —— 
195 Jeb 165 


Make sure your diagram represents the right latitude... 
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//iteration 1 


//orientation 
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Real Time Feedback 
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Life Cycle Cost Analysis [LCCA] 


Mall Skylighting Preliminary Analysis 


95% Skylight Glazing 65% Skylight Glazing 35% Skylight Glazing 
Annual Carbon Emissions Annual Carbon Emissions Annual Carbon Emissions 


* — (metric tans / ү) 
Шотту Consumetion me BB Весну cnemnton m 
| ros consumption B tm cer=mrton ron | ros Conmmeosen 
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Annual Sun Exposure (sam - 5pm) "үн Energy Use Energy Use 


* Calculations assume 50% glazing on 
exterior faces throughout the rest of 
project, not including the theater 


8 tecncty D er ме 


* The increase of efficiency is a percentage ١ * "m e» EM ш 
of the energy consumption over the entire 
project, not just the mall atrium spaces 


Efficiency Increase (metric Tons /уг) Efficiency Increase (metric Tons tyr) 
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REVIT PRACTICE 


Autodesk Revit 2017 - STUDENT VERSION - — waleeed waleedyasin.rvt - 3D View: (3D - waleedyasin) |Ы Туре a keyword or phrase | 
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4. Heating and Cooling Load Calculations 


Peak Cooling Total Load (W) ‚1864 ل‎ 
Peak Cooling Month and Hour | July 2:00 PM 
Peak Cooling Sensibie Load (W) 17,194 
Peak Cooling Latent Load (W) ‚Le 
Maximum Cooling Capacity (М) _ 18,604 _ 
Peak Cooling Airflow (Ws) 119256 
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Software 


External to Revit 
- 4 4 „ 


0 Insight 360 


New cloud-based tool enabling a new way to 
experience building energy and environmental = 
performance and the collective actions that lead b 
to better outcomes throughout all stages of the l 
building lifecycle. 


https://insight.autodesk.com/OneE 
/Model/128869 


® I B 6 


ед. Insight360 Heating Lighting Solar 
Insight Cooling j 
Insight 360 | 


Prag Lest сету (Wagt 


Озу û Occupancy (сезем 


itir тыге Ak 


5 
„ 
1 
Á 4 7 // 4 

Д IEM 


Software 


Insight 360 


ө Solar Analysis 
Visualize and quantify the distribution of solar radiation on 


various surfaces. 

ө Light Analysis 
Analysis for illuminance and validation for LEED v3 IEQc8.1 
and LEED v4 IEQ Daylight Credit, Option 2. 

ө Heating and Cooling Loads 
Tool used primarily by mechanical engineers to size HVAC 
equipment. 

ө Generate Insight 
Automatically varies building design inputs resulting in high 
and low possible annual energy costs with approximately +/- 
10% accuracy. Inputs can then be adjusted, e.g., glazing 
properties, to see instant feedback on performance impacts. 


Software 


External to Revit 


Green Building Studio (GBS) 
Standalone cloud-based whole building 


performance analysis using the DOE2 
simulation engine. 


Web-based solution 

Early building energy design decisions 
Whole building energy analysis 
Design alternative comparisons 


https://gbs.autodesk.com/GBS/Project 


\ 


INNEN 


\ | М 


Climate Analysis using Autodesk Green Building Studio 


Step 1 :-Create the Revit building model. Step 2:- To use this feature, you must sign Step 5:- Run the Energy Simulation. 
| | in to Autodesk 360 
ренин " — а I Output: 
* Customizable charts for 
ma | e 
Sign in with an Autodesk Account - Heating Loads 
- Cooling Loads 
- Estimated Energy End Use 
— : — - Energy Cost 
— . ' - Dry Bulb Temperature 
in " | - Wind Data 
| 222 A | Se | Customizable Parametric Studies 
reso К. * Annual carbon footprint specific to region and utility mix 
9 $ A. * Renewable energy potential (photovoltaic and wind) 
ие : * Weather data summary and user defined graphics 
* Building and site specific natural ventilation potential 
Step 3:- Set building elements as the basis for Step 4:-Specify the building energy * US EPA ENERGY STAR 
the energy simulation. settings as needed ٠ Water preliminary analysis for LEED 
2 = * Building summary of construction areas, equipment 
— —e capacities, etc. 
== * gbXML file for import to Trane TRACE 700 or other 
Ce = gbXML-compliant tools 
@ e т * DOE-2.2 file for import to eQUEST 
Kel Energy Run Energy Results & * EnergyPlus IDF file for editing and running in EnergyPlus 
1 | Settings Simulation Compare — ы" 。VRML file 
Energy Analysis * Design Review file 
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Software 


Within Revit 
ө Energy Analysis 


Analyze a design’s expected energy use based on geometry and location on earth. 


Energy Settings dialog (Analysis tab) 
e Set Location 


e Select Project Phase 
e Specify Analysis Mode: Avoid Use Conceptual Masses setting) 


e All other settings are optional 


e Ж Create Energy Model Ф 


* 
Energy Generate Insight360 Heating Lighting 
Settings Results & Compare | Insight Cooling а 
| Energy Analysis | Insight 360 | 


Energy Analysis tools on the Analysis tab in Revit 
2016 R2, plus the Insight 360 add-in. 
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Steps for Performing Conceptual Energy Analysis 


Step 1:- To use this feature, you must sign in to Autodesk 360 Step 3:- Add mass floors. Step 5:- Create the energy model 


[чоон о we man менін = h»c 
< — an ы 
Need мемен O^ — 2 VIN 
Pareo | « ber ume 5 Ben. 
| — J ч — = 


Forgot rou pat teo? b > اکت‎ 
~ <q = m 
gere — 2 
~ uw = 
h 一 — Ne — 
ч - — 
Step 2:-Create а mass model. Step 4:- Set conceptual masses as the basis for the energy simulation. Step 6:- Run the Energy Simulation. 


Steps for Performing Energy Analysis using Building Elements 


Step 1 :-Create the Revit building model. Step 2:- To use this feature, you must sign 
АЕБ gw 


Step 5:- Run the Energy Simulation. 
in to Autodesk 360 


амлок ә 
sign in wih an Autodesk оо — e 


hee ый 7 


казр me оле م‎ 


— СЕХ) 


Step 3:- Set building elements as the basis for Step 4:-Specify the building energy 
the energy simulation. settings as needed 


сё @ e m | 


п? Energy Run Energy Results & 
L Settings Simulation Compare —— 
Energy Analysis 


Software 


Masses must have ‘mass floors’ specified to create a valid EAM. 
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Masses and Building Elements used together in energy analysis. 
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Software 


Thermal properties associated with building elements can be used in the energy simulation. 
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— — Ligh. RE 
Lighting Analysis Results-FIRST FLOOR (LUX) َب‎ 


Autodesk's lighting plug-in for Revit. 


Snore help tet / 
тауа Browser ` هوم‎ 15 өсіне Satanen ne | повеле || عبد‎ ra PG شد جد جت بو‎ г ¢ به‎ TR | و س‎ — 112 
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RAR ا‎ A Ө = SES MM 


ElumTools FT zZ SE 1 [29 A 52 


Settings Help Luminaire Material Edt — Single Other | View/Update Hide 
| Info Manager Mapping ЖЕ» Points Room” Space” 9 Resuks Results 
| ElumTools Lighting Analysis — Ponts | Ce — і 


------- Ө 2222 nn 

9 - "3 
— — | 一 所 一 一 - 8 
[* SHPO eee ZZ I LEE = BELETERZEIZIFZ LEI 


6: 1 
~ ө---І---ы--- - — 1 — — oe 
SLOPES әде ЕЕ SSAA COS Аи DO" 


Artificial lighting 
The simulations allow to calculate a series of climate-based daylight metrics such as: 
e Daylight Autonomy (DA) 
ө Useful Daylight Шитіпапсе (UDI) 
ө Daylight Glare Probability (DGP) 


ө Daylight Factor (DF) 


Lighting Analysis 


ElumTools in Revit Illuminance Study 
Calculate Point by Point Light Distribution and Glare 114 


Daylighting Modeling -3D View 


Daylighting simulation extract 


Daylight Analysis 
Daylight Factor 

Value Range: 0.0 - 20.0 % 

(c) ECOTECT v5 


uminance 
:25. 500 FC 


(c) ECOTECT v5 


North-facing window North-facing window + skylight (about 20m?) 


* * 


> Recommend to install skylight above regularly occupied spaces in the office 2" floor 
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Training Room Lighting 


50.00 
43.75 


37.50 
31.25 
25.00 
18.75 
12.50 


CE NU cn E EER 


6.25 


WIEN 


0.00 


m 


Lighting Design Example 


Fixture type Quantity Power (W) Average 
Illumination (lux) 


dioe 


334a, 4181— 4121 ; 


3x14 W 9 432 330 


一 
26.08 


> Installed LPD = 7.6 W/m? 


en 
ооо 445 791 1106 1487 19.68 f 


Canteen Lighting 


119 


120 


Eco Score card plug-in 


ecoScorecard Project Analysis 


Fortuna of Prodan with ecow onm acd Nata 


Detecting model 


components by 
codcutecard plug-ir 


m1 SIE 
9 products wih eco Scorecard data 
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on LEED Canada 


Documentation Summary 
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% Energy simulation plug-ins available for Revit: 


IES-VE, Design Builder and Sefaira. 


Ф IES and Design Builder are 2 standalone energy simulation software 
famous among energy modelers and MEP consultants. 


€ Sefaira is a new player and started with energy and daylight plug-ins 
for Sketchup and then launched a Revit plug-in. 


Revit DB Link Launch SNU Launch WSM : Export 2 12 - et > «Мы Settings Helo Guidance 
coki Envwonment> & Into 


Integrated Environmental Solutions 


| 


External Gatch Print Acquirement Import Publish Export | Check Manage Abeut.. 
һ 


* | Меш — Batch Pint Gicbeuink Model Review | RevitDBLink Space Naming Шу e қара 
LE 


9 56348-86 № 5:4 LIM 00200 
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www.sefaira.com 


*. office Ol.skp - SketchUp 


© sefaira for SketchUp ә. 


Real Time Analysis 
Office - in Boston ~ 


Total Floor Area 101,341 . 


$ Energy Use 
Intensity . Ar) 


45 

Total uwarun 
4,606 
Heat Flows Heat Flows 
into Bullding out of Building 


Tally 


REVIT MODEL 


Lecationtine [run Face. _ 
Base Constant 
| Bese Offset 


بحم ودحو Тор‏ 


| setti һа 


TED. 5 - Proje 


y heh Майлі Legend + Displey 
Bang фут, Fort 
lang Assembly -2 Q1 1/4 ) МАХ 
apeg Assembly - Vision - 2-10" Q4 1/7) МАХ 
" Ponpa Backup 

Brick Veneer Емкор» Insuiston 


03 


" Reet Curb 


Гес Danei 


7 
7 
67 Beck Veneer Backup له‎ Insulation (STC $3) 1 
$ 
1 
0 


6` Dec Panel بم‎ Insulebon 

Dec Panel т/ Insulation (no finch 
Ic Pane! a insulator inc wrap 
Dec Pane! n/ Inzulsten (STC 53) 
фес dee 

€ Гес Parapet w ерове" 

Bact Screen Assembly 

Sem veren 


TALLY™ 
pulls material 
quantities from 
the Revit model 


ө би. . Double Brick Well oe Мн thud Suppe 


Ext. » Water Feste Due- 17 


Image: www.kierantimberlake.com 


Concrete 
Canan glace Concrete, nc малое сё renforcement 
Concrete Ma Deugen, «эс ілге of med сес ement 
Concrete епо ement 
Ghats Fite: Rentorced Concrete 
Precast Concrete 
Ranforced Concrete foundation 
Stab се Deck 
Stay 
Masonry 
aac 
Attociaved aerated concrete block (AAC 
Brck 
тт 8 
Bruch, ungrouted 
Gla:ed brick gerer< ung لمت‎ 


DATABASE 
impacts are 
captured in an 
LCA database 


31% 
Global Warming Potential 
4% 


1000000 2 
3835378 


TALLY™ REPORTS 
are rapidly generated 
to address questions 

asked during design 
and material selection 


© KIERANTIMBERLAKE 
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Tally 


* Tying BIM to materials can reduce construction waste and streamline the supply 


chain through more accurate procurement. 

。 Like carbon footprinting, it also helps us select design solutions that can reduce 
the overall environmental impact of a building throughout its operation. While 
BIM has the potential to reduce waste on all construction projects, it is highly 
beneficial to large complex projects, which tend to generate waste if they are not 


carefully managed. 
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Tally 


== 


BREEAM Mat 1 Takeoff 


Material Name Volume (m3) | Green Guide Rating 
[Brick - Bushbury 5470] А+ 
Concrete - Cast in Situ 34894] 8 
Finishes - Interior - Fermacell _ 1 468] А+ 
Insulation / Support Frame 12.00 A 
Insulation / Thermal Barriers - Batt insulation 61.10 ^ 
Insulation / Thermal Barriers - Cavity Fill 506 20 ^ 
Insulation / Thermal Barriers - External Wall Insulation 210.16 в J 
Insulation / Thermal Barriers - Rigid insulation 290.78 B 
Plasterboard 39.51] At 
Plastic - GRP - Glass Reinforced Plastic 1.91 в 
Roofing - Metal 1.86 А 
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Tally 


MATERIALS: USE 


Bley Sleeping House Addition by Agruppo. BIM model and photos by Andrew Nance. 
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Software 


Ecodesigner “Energy Analysis with ArchiCAD” 


ecodesigner 
= Ease-of-use and smooth workflow 


= Integrated solutions 
Evaluate alternatives early and throughout the design process 


e ee peaa 
СРЕ ЕЕ s; Ir xj liei seada تاد‎ ым 
GRAPHISOFT. 


mo AD Energy simulation solutions ГС CHI IC AD. 
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Detailed Energy Performance Evaluation Report 


EcoDesigner STAR displays fully customizable, detailed reports about various, energy-related characteristics of 


the individual thermal blocks, 


Supplied Energy per Week 


Building Information Model 


12 16 48 52 kun) 


ИТП 2000 


- 4000 


Emitted Energy per Week - 6000 


Building Energy Model 


Detailed Energy Performance Monitor the entire project's energy performance. 


Control and optimize the behavior of spaces independently. 
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ArchiCAD File Edit Window 


View Design Document Options Teamwork Help 


Energy Balance Evaluation 
^ 


Key Values 


Porc Мате Microsoft Ungar Calculated heat transfer coefficients 


Project Location Budapest 

Actovity Type Office Guiding sheti 

(valuatson Oste 9/8/10 2 24 pm Roofs 
Internal mats 

Tempered foor area 13211674 m Basement wall 

Ventilated volume 44613918 m A!oenings 

Оте һем Capacty тк 


Energy Consumption 


Y early total 
| kWh) year 
534265 
730829 
1265094 


Year^y specific 
Wher’ year EUR/ 


40.44 


EUR) year 
21370 


80191 


101761 


55.32 


95.76 


188 tonnes CO, 


CO, emissor 43 à reist al operating ta buldeg 4 


Temperature 
[*F] 


This amount of CO, is absorbed in one year бу 0 
roughly equivalent to 1.7 footbat Век of tropical 


Monthly Energy Balance 


9 hectares 
forest 


(mated energy per Month 


Aug Sep Ос 


Е 
Е 
| 


үрмелі жет 


Supplied energy per Month 


Temperature 


ef 


Image: www.graphisoft.com 
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lower ‚level Floor Edge 


жеш 1-1 


Energy analysis - AECOsim Energy Simulator 


be nt | еу Water 5 іі О) — وون‎ 
source | ” zd 49 KWh/m2 ите 0 
һеаї ритр "-m — 
= u йй |] Ш Heating 
Central ЕШ © m 
VAV $e 78 KWhim 
232 E 
Packaged = E © ©: 
ы заза 66KWhm? 
| u | = қ 4 132 


suitability Maps for InfraWorks 360 


I Autodesk InfraWorks 360 Rolli ТЛ 1781 (17 Days Remaınıng) - Dong 


Software 


Suitability Maps 


Activate Maps ® 


Cost Gradient 


Buildings 
Weight 


— 0 


Water Areas 
Weight 


Point-to-Point Distance 


Add Layer 


Path Distance 


Terrain Statistics 


X: -123.101621 Y 19 
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Га wete eran 


а, 
ж-е 
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SITE ANALYSIS 
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Software 


Applications: Autodesk Vasari 


conceptual building design (parametric — 
massing) and provides energy/ carbon — 

analysis,solar radiation analysis, and more, 
you can create, analyze, and refine whole 1 
building models. — ۳ 


e 
4 


Conceptual building models created 

with Vasari can also be used in Autodesk 
Revit to develop more detailed building 
models. 


таа (20% 
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(1) Velocity Magnitude ~ injs 
358.506 


Autodesk CFD = 


(6) Static Temperature - Fahrenheit 
110.943 


108.612 
106.281 
103.95 
101,619 
99.2882 


96.9573 


68,996 
66.6551 
64.3242 
61.9932 
59.6623 
57.3313 


55.0004 


V 


Load case: 190 
Last Iteration/Step 
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4$, Design 1 
® Geometry (inch-BTU/s) 
4 «бу Scenario 1 
ғ d, Matenal 
2, Ак [Variable] 
2, Concrete (Fred) 
Ф Gypsum-Board [Fixed] 
$, Hardwood [Faxed] 
Ҙ, Silicon (Fixed) 
д, Steel [Fixed] 
4) Boundary Conditions 
€] initial Conditions 
D Mesh Size (auto 
ж Moton 
3 Groups 
= Solve 
4 & Results 
4 Jf Matenals 
3» Gypsum-Board 
X» Ar 
9 Hardwood 
D Reel 
Concrete 
9 Silicon 
“ Traces 


View Get Started e. 


Autodesk Simulation CFD 360 2013 OregonBallroom Rtof-Design 1:5сепапо 1 


Status File lteration/step * Global Result Predicted Mean Vote 


if 
іт 
id 


: Id Summary File 2) J [> | Global Vector None = 
$ Ес Surfaces Wall Parts Points Decision 
Calculator Center Setup File с> oe p Vector Settings 
Results Tasks > Compare Review > Iteration/Step Global 


5x 
(12) Predicted Mean Vote 
15 
14 


12 


1 


Output Bar 
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Computational Fluid Dynamics (CFD) 


Building Form Optimization for Natural 
Ventilation with Using CFD simulation, ISOENV 
with MODU Architecture NY, 2014 


Automation simulation 
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ansys 


National Museum of Qatar (NMoQ) 


View1 v 


PMV 
The Predicted Mean Vote PMV 


3.00 
2.40 
1.80 
1.20 
0.60 
0.00 
-0.60 
-1.20 
-1.80 
-2.40 
-3.00 


m 
| 


i 


а! 


1.000 


ANSYS 


R16.0 


IES 


Sheik Zayad Mosque, Abu Dhabi, UAE ІН 


IES were appointed to conduct 
thermal simulation analysis of the 
mosque using their building analysis 
software to determine internal 
thermal comfort conditions, optimise 
HVAC system performance and verify 
building safety. 
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Solar Shadow Study ІН 
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Shadow studies 143 
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Surface Solar Radiation: Winter Day ІН 


Model Viewer Il 
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$ Alameda (ASHRAE Climate Zone derived) 24 -1107000 304000 = 1 Alert 


Surface Solar Radiation: 15 January (Red High, Blue Low) 


Gecieojeeeiseje**is-soopgiejres 36 
8 mE Е | 2 


Surface Solar Radiation: 23 June (Red High, Blue Low) 


Who is the typical building simulation client? [ies] 


EARLY STAGE - DETAILED DESIGN ARCHITECTURAL 
Use VE for Engineers across the entire design lifecycle - Designers 
- Architects 


- Master planners 
- Urban designers 
- Interior Designers 


ENGINEERS 

- HVAC 

- Mechanical 

- Electrical 

- Building Physics 

- Other “green” rating systems 


GREEN CONSULTANTS 

- BREEAM 

- LEED 

DNB 

-  Estidama 

- Other "green" rating systems 


| | | | | 
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Surface Solar Radiation: Winter Day [es] 
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Surface Solar Radiation: 15 January (Red High, Blue Low) = 
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Surface Solar Radiation: Summer Day ІН 
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Surface Solar Radiation: 23 June (Red High, Blue Low) 
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Solar Shadow Study 


Model Viewer Il 
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Shadow studies 
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Energy Analysis ІН 


District buildings modelled іп more detail 


WWW.IESVE.COM UNITED KINGDOM | IRELAND | UNITED STATES OF AMERICA | CANADA | INDIA | AUSTRALIA 


Energy Analysis ІН 


Define buildings by spaces types for general analysis 


WWW.IESVE.COM UNITED KINGDOM | IRELAND | UNITED STATES OF AMERICA | CANADA | INDIA | AUSTRALIA 


je} 


VE-Pro: External Air Flow 
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Athaiba Development, Muscat Oman ІН 


WWW.iesve.COIm UNITED KINGDOM | IRELAND | UNITEDI 


Athaiba Development, Muscat Oman ІН 


2 


Air Temperdftire (deg C) 


30.00 35.00 40.00 45.00 50.00 
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Athaiba Development, Muscat Oman ІН 
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Dialux 


û DIALux 4.1 - [Dictributiehal - 30 View] 


p OTAL ux 4,1 - [Destributiehal - 10 View] 
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Software 


directly transferring BIM model to Ecotect via plug-in based 
on gbXML file format. 
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Software 


Applications: ArchiPHYSIK 


= Acomplete solution for 
thermal analysis including 
U-value, vapor diffusion and 
temperature amplitudes. 


= Identifies failures compared 
to pre-defined values. 


= Building performance 


= Building component 
performance 


https://archiphysik.at/ 


Bauteil-Aufbau 


ө ва 


Bauteile 


102030713 2. Beispiel 


AD AD011 Dach Nord 
AD |ADO11|Dach Sparrer 
AD AD013Dach Damme 
AD AD Dach Süd 
AF | AFO1 |AuRenfenster 


AD 0002 | Steinbacher Umkehrdach-konventionell 


Nr. Bezeichnung Dicke 


1_Schüttung (Kies 16/32) |7 842 


2 steinodur® UKD Top | 0.0006] 
3 steinodur® UKD (180mm) 

4 bituminöse Abdichtungsbah| 0,005] 
$ bituminöse Abdiohtungsbahl 0:003] 
6 Pormex-Voranstrich | | 
7 Gefallebeton | 9.08] 
9 Innenputz (Gips) ШЕСІ.) 


м 


AF | AFO2 | AuRenfenster 


АҒ | AFO3 |Außenfenster 
AF | AFO4 | AuRenfenster EEE 


AF | كاعم‎ |AuRenfenstet | Abbrechen 


ATO1 |Außentür Vollholz 


тесе) 


[ <<<<<< 


A01 [Außenwand Nord 


AW02 | Au&enwand West 


t 


AWO3| AuRenwand Süd 


Mos AuRenwand Ost 


AWOß | Gaupenwand Ost 


A061 Gaupenwand Sparrenanteil 


lawoed Gaupenwand Dämmanteil 


AWOT | Gaupenwand West 


AWOB | Außenwand TWD 


E801 | Bodenplatte Erdberührt 


Bauteilwerte: 


Steinbacher Umkehrdach-konventionell 
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Software 


Rhino 
Grasshopper 


INTEGRATED DATA MODEL 


INTEGRATED DESIGN INTENT 
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PARAMETRIC BUILDING MODEL WITH ENCODED DESIGN INTENG: 


Software 


INTEGRATED DATA MODEL 


PROGRAM VALIDATION 
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PARAMETRIC BUILDING MODEL UNDERSTANDS PLANING CONSTRAINTS 
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INTEGRATED DATA MODEL 


CODE CHECKING 
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Software 


INTEGRATED DATA MODEL 


INTEGRATED ENVIRONMENTAL ANALYSIS 
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INTEGRATED DATA MODEL 


PARAMETRIC ENERGY ANALYSIS 


Software 


> 
< == = heme > 


PITCH ANGLE 


` 
“/ 


to м 
55 — 4 
m 


MÀ 


تس .سس 
ти! (дед)‏ 


1 8 8 1 8 8 8 3! 
ta, 
ta 
t. 


— 
— 


U-Value 


190 @ 


180 * 


170 5 


ANNUAL COOLING LOAD. 
— 
N 
іл 


TILT ANGLE 165 


INTEGRATED DATA MODEL 


PARAMETRIC ENERGY ANALYSIS 


Modeled design options 


Modeling the solution space ~9,000 options 


** 


Rhino 


INTEGRATED DATA MODEL 


DATA INTER-PLATFORM COLLABORATION 
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ladybug 


Ladybug allows you to import 
and analyze standard weather 
data in Grasshopper; draw 
diagrams like Sun-path, 
wind-rose, radiation-rose, etc; 
customize the diagrams in 
several ways; run radiation 
analysis, shadow studies, and 
view analysis. 


Visualize Weather Data 


Analyze Weather Data 


„ Rhino + GH | 
--т-- 
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Analyze Geometry 


Estimate Renewables 
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Software 


Butterfly 


Butterfly is a 
Grasshopper/Dynamo 
plugin and 
object-oriented python 
library that creates and 
runs computational 
fluid dynamics (CFD) 
simulations using 


OpenFOAM. 


Software 


Honeybee connects 
Grasshopper3D to 


| 
Honeybee 
1 
1 
1 


1 
| 
| 
1 
| 
Rhino + GH ١ 


. . . b ка | T а — ” 
validated simulation | 


engines such as ! 


EnergyPlus, 

Radiance, Daysim 

and OpenStudio for 

building energy, 

comfort, daylighting ш] 
and lighting Electric Lighting 1 
simulation. d 


1 И 
> 7 6. | OpenStudio 
. / 


= 
= 


---А-, 


“ HVAC Energy Use 
| Thermal Comfort 


| 
\ herm + Window) 


Construction R/U-Value | ErergyPhis 
Condensation Risk 
ү EnergyPlus 


Software 


Glare analysis 


Annual daylight * 


Electric lighting 


Construction analysis 


op OpenStudio 
i i i | Energy analysis 


e: EnergyPlus 
í \ 
X LM у Visualize data 
% = Indoor comfort 
Butterfly b: A 
8 Ladybug * j = 
Analyze geometry E Outdoor comfort 


V OpenFOAM 
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Software 


DIVA-for-Rhino 


Point in Time Visualization 
Daylight Factor 
Illuminance Distribution 
LEED Compliance 
Radiation Maps 

Spatial Daylight Autonomy 
Annual Solar Exposure 


ЕП ren f 
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DIVA-for-Rhino 


Exporting Revit Models to DesignBuilder 
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Software 


ignBuilder 


SOFTWARE Юй 


DesignBuilder, a whole 
building energy use analysis 
simulation tool, is the oldest, 


easiest to use, most powerful 
graphical user interface to 
EnergyPlus available and 
includes ASHRAE 901 
Appendix G Baseline HVAC 
System templates, materials, 
and construction libraries 


@http://www.designbuilder.co.uk/ | 


Note : This is good since we can change some or all input parameters and do more in- 
depth analysis, but it is bad for anyone who is not aware of the complexities of energy 
simulations. Plus you lose the ability to quickly compare different options within Revit. 4 


Software 


The Architectural simulation 

packages allow you to link with BIM 

solutions, analyse solar shading, 

maximise the use of renewable 

technologies and test facade options 

all in one place, adjusting as you go , 
according to client requirements. — | 
High quality technical апа rendered 
outputs help communicate findings АЖ Baar; — 
to clients in a way they can easily A^ "ah Prueba Verdi ia Р, 
understand. Key performance | | 

indicators such as energy 
consumption, carbon emissions, 
thermal comfort, daylight availability 
and cost can be provided throughout 
the design process in both naturally 
ventilated and air-conditioned 
buildings. 
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Software 


Opciones de Dibujo 


[seners Office Aran 
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Software 


integrated generation of illuminance reports through 
Radiance 
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Aran 


DE 


Import BIM models from Revit, 
SketchUp etc 
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Software 


eQuest 


Imagine a building energy simulation tool comprehensive enough to be useful to ALL design team members, yet so 
intuitive ANY design team member could use it, in ANY or ALL design phases, including schematic design. eQUEST is well 
named because it provides something the you’ve been looking for, but have been unable to find ... a sophisticated, yet 


easy-to-use building energy analysis tool. With eQUEST, you'll be able to provide professional-level results in an affordable 
level of effort. 
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Software 


ENVI-met simulation 


urban spaces master plans, 
physical planning morphology > 
and help to draw a picture 
about the role of built 
environment elements, 
materials and vegetation on 
pedestrian perception and 
thermal comfort 


9 Spacemaker ai 


» هو 63-45( اصطناعي قائم على السحابة‎ » Autodesk أحد منتجات‎ ‹ Spacemaker 


يمكن الفرق من التعاون وتحليل وتصميم المواقع العقارية. مخاطر اقل. مشاريع أسرع. منازل أفضل. 


https://www.spacemakerai.com/ 


https://www.voutube.com/watch?v=jvl5aucUtrO 


IFC Creation Process 


CBIP Algorithm Thermal Simulation Model Generation 


CAD tool BIM file 1 | € Е 
* ume — — Serres 


TRNSYS17 


IFC checker 


EnergyPlus file 


+ 


pm — ir т I l TRNSYS Converter | 
error detector, =|= =| - 2 
v corrector - CBIPtoIDF CBIPtoIDF 
EPlus TRNSYS3d 


Validated IFC 2 "4 level space boundaries 


TRNSYS3d file 
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GREEN BUILDING XML 


Heating and Cooling Loads 
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Data Sharing via IFC 


IFC platform provides a 
bi-directional data link to 
major energy analysis 
software 


EnergyPlus 


SOFTWARE 


square one مم‎ 


BIM model 


Energy analysis 
applications 
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gbXML Support 


. HVAC/Energy | 


CADLine 

٠ Cymap 

Carrier 

. Honpy Analysis Program 


BBS & eQuest (via 


Elite Software 
EnergyPlus (via GBS) 
Energy Soft* 
БОШОН! Design 
“ Tas 

IES, Ltd. 
> 

Trane 

٠ TRACE 700 


k?xml version="1.0" encoding="UTF-16"?> 


«gbXML useS!UnitsForResults="true" temperatureUnit="C" lengthUnit="Meters" areaUnit="SquareMeters” volumeUnit="CubicMeters" versionz"o. 37" xmins="http://\ 


<Campus id="aimooo2"> 


CAD/BIM 


Autodesk 
AutoCAD Architecture & MEP 
Revit Architecture & MEP 


Green Building Studio (GBS) 


Bentley 
Architecture 
Building Mechanical Systems 


Speedikon Architectural 


Google 
SketchUp 
Graphisoft 


ArchiCAD 


Mac and Windows 


<Location> 


«Stationld IDType="WMO">188144_2006</Stationld> 
«ZipcodeOrPostalCode»ooooo«/ZipcodeOrPostalCode» 
«Longitude» 31.37504«/Longitude» 

«Latitude» 30.12373«/Latitude» 
<Elevation>74.0664</Elevation> 
«CADModelAzimuth»o«/CADModelAzimuth» 
«Name» 30.1237335205079,31.3750400543213«/Name» 


«[Location» 


<StreetAddress>30.1237335205078, 31.3750400543213</StreetAddress> 


l <Агеа>2250 42</Area> 


1 
1 
1 
«Space zoneldRefz"aimo367" lightScheduleldRef="aimo4 22" equipmentScheduleldRefz"aimo422" peopleScheduleldRef-'Jaimo4 28" conditionType="HeatedAnd( 


«PeopleNumber unit="NumberOfPeople">0.6687227</PeopleNumber> 1 
«PeopleHeatGain unit="WattPerPerson" heatGainType="Total">131.882</PeopleHeatGain> 1 
«PeopleHeatGain unit="WattPerPerson" heatGainType="Latent">58_61422</PeopleHeatGain> 1 
<PeopleHeatGain unit="WattPerPerson" heatGainType="Sensible">73.26777</PeopleHeatGain> 1 
XLightPowerPerArea unit="WattPerS quareMeter>10_76391<JLigntPowerPerAreas, "m m TTT 
<EquipPowerPerArea unit="WattPerSquareMeter">13.99308</EquipPowerPerArea> 
<Area>19.10636</Area> 
<Volume>64.96163</Volume> 
<PlanarGeometry> 
<PolyLoop> 
<CartesianPoint> 
<Coordinate>43.78492</Coordinate> 
«Coordinate»-115.9831«/Coordinate» 
<Coordinate>1.95</Coordinate> 
</CartesianPoint> 
<CartesianPoint> 
eConrdinates 4 & 302232 elCnnrdinates 
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sustainable Development 


Acronyms 

RO (Renewabfe Obligation) 

EU Er: (EU Emissions Trading Scheme) 

CRC CU Reduction Commitment) 

FIT (Feed in Tariff) 

RHI (Renewable Heat Initiative) 

CCL (Climate Change Levy) 

ECA (Enhanced Capital Allowances) 

Part L (Building Regulations) 

ZCH (Zero Carbon Homes) 

CERT (Certified Emission Reduction Target) 
CESP (Community Energy Saving Programme) 
EPCs (Energy Performance Certificates) 

DECs (Display Energy Certificates) 

EPBD (Energy Performance of Building Directive) 
CCA (Climate Change Act) 

EU RED (EU Renewable Energy Directive) 


LEED (Leadership in Energy and Environmental Design) 
BREEAM (BRE Environmental Assessment Method) 
CEN TC350 (EC Committee for Standardisation 
Technical Committee) 

SAP (Standard Assessment Procedure for Energy 
Rating of Dwellings) 

LCA (Life Cycle Assessment) 

SBEM (Simplified Building Energy Model) 

GHG (Greenhouse Gases) 

PAS 2050 (Publicly Available Specification) 

CSH (Code for Sustainable Homes) 

RICS NRM (New Rules of Measurement Part 3) 

ISO 15686 (International Standards Organisation Part 5) 
BS58455 (British Standard 58455) 


MASDAR 


e Funded by Mubadala Development Company 
٠ Designed by Foster + Partners 


e Powered entirely on solar energy and other renewable 
energy sources 


Zero-carbon, zero-waste ecology 

Abu Dhabi Future Energy Company (ADFEC) 

Projected to cost US$22 billion 

Started in 2006, ЖЕ IRAN 
First phase 2009 

2.3 sq mi 477 Persian Guf 

50,000 people | 
1,500 businesses 


Gu of Oman 


SA UDI A RABIA OMAN 


MASDAR 


Masdar Institute of Science and Technology 
(MIST) 

Automobiles will be banned within the city 
Public mass transit and personal rapid 
transit systems 

City will be walled, to keep out the hot 
desert wind 

Narrow, shaded streets that will also funnel 
breezes 

Partners include through the Clean Tech 
Fund, GE, BP, Royal Dutch Shell, 
Mitsubishi, Rolls-Royce, Total S.A., Mitsui 
and Fiat 


MASDAR 


40 to 60 megawatt solar power plant, built by the German firm Conergy 
(construction activity) 


Larger facility and additional photovoltaic modules will be placed on rooftops to 
provide supplemental solar energy totaling 130 megawatts 


Wind farms will be established outside the city's perimeter capable of producing 
up to 20 megawatts 


Geothermal power 

Hydrogen power plant 

The city will not produce enough energy to power itself at night 

Import gas-fired power from Abu Dhabi's grid 

Carbon accounting by exporting excess solar power to the grid during the day 


° Water 


MASDAR 


Solar-powered desalination plant 


60 percent lower water needs than 
similarly sized communities 


80 percent of the water used will 
be recycled 


Attempt to reduce waste to zero 


Biological waste will be used to 
create nutrient-rich soil and 
fertilizer 

Waste incineration as an additional 
power source 


Recycle 


3 Automated tran 
і Carbon-Neutral 
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Question: How to allocate resources during a sandstorm? 


© 2008 Foster & Partners 


masdar-hq-ventilation-strategy 


masdar-hq-sustainability-strategi 
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masdar-head. 
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MASDAR SYSTEMS 


Building operation 
Electrical generation and distribution 
Electrical energy meters 
Water meters 

Mechanical systems 

Public health systems 
Lighting control system 
Automated shading system 
Automated atrium roof lights 
Vertical transportation 

Public address system 
Digital signage system 

Sun tracking system 
Irrigation system 

Water features 

Information portal system 
Freight tracking RFID system 


*Personnel RFID system 

*MASDAR RFID tracking system 
*Ventilation system for catering facilities 
*Kitchen equipment 

*Point of sale system 

*Waste system 

*Audio visual systems 

Library data base and alarm system 
‘Automated book storage facility 
*Transportation 

*PRT - Management centre 

*PRT - Security system 

*PRT - Ticketing system 

*Vehicle management system 

*LRT - Light Rail Transit System 


MASDAR SYSTEMS 


Life Safety and Security 

Seismic monitoring 

eStructural anti-corrosion monitoring 
*Fire detection/alarm system 

Fire Suppression systems 

eIntruder detection system 

Closed circuit television system 
Access control system 

«Emergency lighting system 

«Oxygen depletion monitoring system 
*Refrigerant leak detection system 
*Water leak detection system 
Disabled refuge telephone system 
Fire fighters telephone system 
«Smoke extract system 

*Fire pump 

eSump pumps 


https://archive.org/details/sreen-bim استخدامات‎ 


البيم في العمارة الخضراء 


https://www.voutube.com/playlist?list=PLNMim 
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omrselm 


BlMarabia 


OMAR SELIM 


BIM Manager 2 

Do you have any questions? 

oselim@bimarabia.com ~ 
+97477840306 

https://bimarabia.com/OmarSelim 
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in Omar Selim 


